introDuCtion
Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis, which mainly affects the lungs, where the lesions are caused by host response due to protective immunity and pathological hypersensitivity. The tissue-resident macrophages of lung constitute first line of defense against the mycobacteria, and together with helper T lymphocytes (CD4+) that play the main role in the immune response to mycobacteria producing cytokines, such as interferon-gamma (IFN-γ), that activate macrophages and enhances the ability to destroy the phagocytosed bacilli (13, 23, 25) .
In the immune response, the cytokines produced participate in the regulatory processes, as well as in effector functions, and are involved in the activation and proliferation of macrophages and T lymphocytes. Thus, specific antigens of the mycobacteria interact with toll-like receptors (TLRs) and other receptors present on the surface of macrophages and dendritic cells, thus inducing a cellular immune response predominantly proinflammatory (13, 15) .
The inflammatory reaction is accompanied by a systemic response known as acute-phase response (APR). This response is characterized by fever, production of different types of hormones, leukocytosis, and protein synthesis in series, which is rapidly regulated, mainly in the hepatocytes, under the control of cytokines arising from the site of the pathology (9, 26) . Among the APR proteins, the C-reactive protein (CRP) stands out, since its serum level is increased about a thousand times during acute inflammation. This protein binds to a variety of pathogens and activates the proteins from complement system, enabling phagocytosis of pathogens. CRP production is part of the nonspecific acute-phase response of most inflammation, infection, and tissue damage (1, 16) .
The erythrocyte sedimentation rate test (ESR) measures, in millimeters, the sedimentation of erythrocytes in a standard column after a period of 60 minutes (24) , where red blood cells are neutralized by plasma proteins such as fibrinogen, allowing their stacking aggregation, rather than individually. Thus, during the APR, the increased serum proteins promotes an increase in the ESR (17, 21) .
Regardless the triggering event, during the APR hepatic synthesis increases and, therefore, serum levels of acute-phase proteins, such as CRP and fibrinogen, among others, also increase in proportion to the intensity of damage and tissue destruction (21) . Thus, the study aimed to analyze the APR markers at different times of the disease, which were applied to patients of a reference center for infectious and contagious diseases in order to assess the ESR and the CRP as a marker for diagnosis and monitoring of pulmonary tuberculosis cases.
MEthoD
In a prospective cohort study, we initially selected 79 patients with pulmonary tuberculosis at the Tuberculosis Control Program in the city of Itajaí-SC. Of these, 12 were reported with admission by transference, seven were internees from the prison and penitentiary of the city, and nine were not located for the first blood collection, totaling 28 patients excluded from the study. Data analyzes and blood collections were carried out in the period from September 13, 2012 to December 17, 2013 ; the inclusion criterion was the diagnosis of pulmonary tuberculosis performed by clinical laboratory data, in sputum smear microscopy and/or sputum culture, carried out by Ziehl-Neelsen and Löwenstein_Jensen (LJ) methods, respectively, associated with chest image (CI), X-ray test and/or CT scan, besides not having yet started anti-TB treatment for the first blood collection of the study. The positive sputum smear were quantified by the number of resuistant acid-alcohol-fast bacilli in the sample (+, ++, +++), as recommended by the Ministry of Health (2) , and the chest images analyzed regarding severity: diffuse disease, cavitations, and other alterations. Patients also underwent complementary laboratory tests to tuberculosis treatment, such as serologic test for human immunodeficiency virus (HIV) and viral hepatitis panel, complete blood count, blood glucose, and acute phase markers (CRP and ESR).
The material (whole blood and serum) for ESR and CRP analysis was collected during the Tuberculosis Program at three different times: at diagnosis, before the start of treatment (T0), after three months of treatment (T1), and at the end of treatment (T2). The ESR test was carried out by the Westergren method, in which a volume of 200 mm of whole blood collected in ethylenediaminetetraacetic acid (EDTA) was aspirated into Westergren pipette, and placed vertically in the rack over a period of 1 hour, with reference value: man ≤ 15 mm and woman ≤ 20 mm (27) . The CRP test was performed with Latex Immunoassay kit using latex particles coated with anti-CRP monoclonal antibodies by indirect agglutination with reference value ≤ 6 mg/l (4) .
The project was approved by the Research Ethics Committee of Vale do Itajaí University, under number 115.172/12. Clinical and laboratory data were obtained from patient's records in a secure and confidential manner, and subsequently were transferred to a database; the variables were analyzed using Fisher's test, analysis of variance (ANOVA), and the study of Pearson's correlation, using the GraphPad Prism 5.0 software.
rESuLtS
From the 79 patients selected, 51 were included in the study, 16 female, with a median of 36 years of age, and 35 male, with a median of 40 years of age. During the study, eight (15.69%) patients were discharged for abandonment of treatment, two (3.92%) were transferred to another city, one (1.96%) died, and eight (15.69%) did not attend the last appointment, resulting in a reduced number of samples at T1 and T2, for a total of 51 (100%) patients to collection at T0, 43 (84.31%) at T1, and 32 (62.74%) at T2. Sputum smear microscopy was performed for all patients at diagnosis, with 84.31% positive; of these, 76.74% were smear control at T1, of which, 81.81% resulted negative. Clinical and laboratory characteristics of patients are shown in Table 1 .
O ESR at T0 was altered in 45 (88.24%) examinations, and normal in six (11.76%); at T1, 19 (44.19%) results were still altered and 24 (55.81%) were normal; at T2, eight (25.00%) were altered, and 24 (75.00%) were normal. CRP presented at T0 45 (88.24%) altered tests, and six (11.76%) normal results; at T1, 14 (32.56%) results were still altered and 29 (67.44%) were normal; at T2, only five (15.63%) were altered, and 27 (84.37%) were normal. For the two markers, gradual decrease was observed during treatment progression. The results of the tests from ESR and CRP are shown in Figures 1A and 1B .
DiSCuSSion
This study, among patients with pulmonary tuberculosis were identified several associated comorbidities, such as smoking, alcohol consumption, drug abuse, diabetes mellitus (DM), HIV seropositivity and anemia (Table 1) . These comorbidities are strongly related to tuberculosis, as shown by several studies: smoking is present in more than half of the patients (11, 19) , DM showed an index of 13.2% (12) , and HIV, 4.6% (18) . All these references had similar results to our study's findings. The rate of alcohol users was low in this study when compared to Lima et al. (11) , and drug abuse was higher than Ribeiro et al. findings (19) . Anemia was a frequent finding in the studied patients (86.67%), showing the relationship between chronic disease and the occurrence of normocytic normochromic anemia (64.10%), however, diverging results are found in the literature (7, 10) .
Signs of activity were detected in all CI diagnostic tests analyzed, cavitations was the most frequent (70.58%) finding in the study. Similar results were emphasized in another study, with 67% of images with cavitations (3) . However, in two other studies, 53.1% and 36.7% of chest image with cavitations were found (11, 14) , results discordant to that found. It is suggested that the highest percentage of cavitations in the present study is related to diagnostic delay, since more than half of the patients presented respiratory symptoms for more than two months. Sputum smear microscopy was performed for all patients at diagnosis with high positivity, and negativity at T1 in most cases. The culture was positive in a larger number of cases at T0, showing to be more sensitive than smear microscopy. Lima et al.
(11) found a rate of 58.4% positivity in the smear with 67.6% in the culture. Another study obtained 55.3% positivity in the sputum smear microscopy (5) , these results are divergent from that found in the present study, which identified a greater sensitivity in both smear and in culture at diagnosis.
In the ESR and CRP analysis, these markers were above the reference value before the start of anti TB treatment, with a gradual decrease over the course of treatment, with p < 0.0001 ( Figure  1) , showing to be good markers in diagnosis and monitoring of cases. Sahiratmadja et al. (20) obtained results similar to ours in the present study, with an increase of ESR and CRP levels before initiation of treatment, and decrease of ESR and normalization of CRP at the end of treatment. Divergent results were reported in another study (17) , in which, only the CRP showed to be a good marker in clinical practice to evaluate the response to the treatment. Regarding diagnosis, both the CRP and ESR proved to be good markers.
By analyzing the results of smear microscopy and sputum culture at T1 ( Table 2) , it can be observed that the ESR and CRP were significantly associated with bacterial conversion. Similar results were reported in another study with CRP (14) , but the same was not observed for ESR marker. When CI variable and the smear were evaluated, CRP also showed a significant association (Table 3) , as shown in published reports (6, 22) , in which CRP levels were significantly higher in the most severe tuberculosis before starting treatment.
In assessing the correlation between ESR and CRP, it can be observed a moderate correlation between the two markers (Figure 2) , which corroborates the findings of another study (6) , in which there was a moderate correlation between ESR and CRP.
In contrast, Jeremiah et al. (8) found no correlation between ESR and CRP in the early diagnosis of tuberculosis, describing that the CRP can not be used as a screening tool for the early diagnosis of tuberculosis.
We concluded that the ESR and CRP proved to be good markers for diagnosis and monitoring of pulmonary tuberculosis treatment; they can be used in routine clinical practice of these patients, however CRP showed more significant results than ESR. It is important to mention that these tests are not specific for tuberculosis, thus it is required the combined use of other parameters, such as clinical, radiological, and conventional microbiological data. Together these parameters become an indispensable tool in the diagnosis and monitoring of these patients. 
